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A RAT SKIN ACID ESTEROPROTEASE HYDROLYZING BENZOYLARGININE 
ETHYLESTER: PURIFICATION AND PROPERTIES 
H. E. J. St:PI'A, M .D .. AND M . JARVINEN. M .Sc. 
V epartment of Anatomy. UnIVersity of Oulu. Dulu. Finland 
A benzoyla rginine ethylester hydrolyzing enzyme from rat skin has been purified 54-fold by 
chromatography on arginine methylester-C H-Sepha rose a nd Sephadex G-200 prior to 
isoelectrofocusing . The molecular weight of the enzyme is approximately 125,000. The 
enzyme hydrolyzes benzoylarginine ethylester, acetyl tyrosi ne ethylester, benzoylargini ne 
methylester, benzoyllysine methylester, and benzoylalanine methyl ester. Casein is slightly 
hydrolyzed a t an opti mum pH of6.5. The enzyme is inhibited by diisopropylfluorophosphate, 
a nd p-chlorom ercu ribenzoic acid. Ke l enha nces the extraction of the enzyme. increases its 
ac tivit y. and is essential for its stabi lity. 
Rat skin proteinases have been investigated 
previous ly by several authors 11-11]. In our previ-
ous resea rch the presence of an enzyme hydrolyz-
ing benzoyla rg inine ethyl ester (BAEE)-a sub-
strat e for trypsin -like enzymes includin~ kallik-
re ins-was noticed in the ra t skin III]. The kallik -
rein -like, BAEE-hydrolyzing activity of the en -
zyme suggested tha t it might have a role in 
inflamm8to~' processes of rat skin. Before investi-
gating its role during inflammation. we ha\'e puri-
fied and cha racterized the enzyme . 
MATERlALS A:\D METHODS 
Laboraton animals and ~kin .\ample~ . Male and fe· 
male rats ~f Lon~-Evan !"' ~train lori~inally from Ihe 
Department of Zoolo~y. L"niver!'ity of Oulul. weighing 
200 10 250 ~m . .... ·ere used . The skin was prepared as 
described earlier tl01: afte r kill i n~ of the animal the hair 
was dipped. t he skin was st r ipped off. freed from the 
underlying fascia. and minced wit h a meat mincer. 
Extraction procedure$. The minced skin was homo/':e-
nized with an l Tlt ra-Turrax 1'-45 homo~enizer (TP-30 
work in/,: head I in various buffel'!' in a glass container. The 
temperature ..... as controlled during homogenizat ion he-
tween 4 and lODe. One gram of minced skin was used 
per 10 ml of buffer. The homogenization time was 60 sec 
for ever\' 200 ml of buffer. The homogenate was allowed 
to stand for 2 hr at 4°C and was then centrifuged at 4°C in 
an MSE high-speed 18 centrifuge. at 25.000 g. for 1 hr. 
The n Otate was disca rded a nd the sediment was sus· 
pended in the original buffer. The supernatant fraction 
and the suspended sediment we re tested fo r enzyme ac-
tivit v. 
A 'stepwise extraction was ca rried ou t hy homogenizing 
the skin first in 20 mM sodi um phosphate buffer. pH 6.0. 
usi n~ the condi tions described abo\'e (B-extract l. The 
sediment after cent rifuJ;!ation was then rehomogenized 
and reextrarled with an original volume of the buffe r 
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containing I M K CI (B -- S-extract) . Another stepwise ex· 
t raction was made by homogenizing and extract.ing the 
skin first in the KCI-conta ining buffer (S-extract), and , 
after centrifugation. rehomogenizing and reextracting the 
sediment in the origina l volume of the same buffer (S _ S-
extract ). 
Su.bstrates . a-N-Benzoyl-lrarginine ethylest.er hydro-
c hloride (BAEE. E . Merck AG l. a-.!\'-benz.oyl-L-arginine 
methylester hydrochloride (HAME. Sigma Chemical 
Co.). a·N-tosyl-L-arginine methyiester hydrochloride 
(TAME. E. Merck AG ). N-acelyi·L-a rginine methylester 
hydrochloride (AAME. Cyclo Chemical). L-a rginine 
methylester dihyd rochloride LA.ME. Sigma Chemical 
Co.1. a-N-tosyl-L-lv ine methvlester hvdrochloride 
(TLME. CalbiOchem·). a-N-benzoyl-L-lysine methylest.er 
(BLME. Fox Chemical Co.). a -N-acetyl-L-Iysine meth-
ylest.er (ALME. Cyclo Chemical Co.). L-lysine methyles-
ter dihydrochlorid(> (LME. Sigma Chemical Co.l. L-tyro-
sine ethvlester hvdrochlorid(> (TEE, Sigma Chemical Co.), 
and a=N-benz~~!I'lra lanine methyiester (B-Ala-ME, 
Sigma Chemical Co.l were dissolved in water shortly 
before use to give a 15 mM concentration . .'V-Acetyl.t-
t~'rosine ethyl ester (ATEE. Sigma Chemical Co.) was 
dissolved in methanol t.o a 300 rnM concentration. This 
stock solution was stored at 4°C and a 15 m.\1 solution was 
made for assays by dilution with water. R-Naphthyl 
acetate (Sigma Chemical Co.) and 8-naphthyl laurate 
(Koch-Light Laboratories Ltd ) were dissolved in wat.er to 
a 15 mM concentra tion. a-N-Benzoyl-oL-arginine·R-naph-
IhvJamide hvdrochloride (BAi'A, Fluka AGI was dis-
soived in methanol a nd dilu ted with water to give a 5 mM 
concentration in 20Q (v /v) methanol. L.Arginine-8-naph-
thvlamide (ANA. !\utritional Biochemicals Corporation) w~s dissolved in water t.o give a 5 mM concent ration. 
a ·N· Benzoyl- ol.-a rgin ine-4-ni t roanil ide hydrochlor ide 
(BAPA. Fl uka AG ) was dissolved in water to a 1 mM 
concent ration. Casein and hemoglobin solutions were 
prepared as described earlier [9.10). 
Inhibit ors and actIL'ators . p-Chloromercur ibenzoic 
acid (pCMBl and diisopropylfluorophosphate (DFP) were 
from Fluka AG ; iodoacetamide. trypsin inhibi tors from 
soybean (SBT!. type n -S), lima bean (LBTI , type n-Ll, 
and ovomucoid (type I1 ·0) were from Sigma Chemical 
Co. Iodoacetic acid was from E. Merck AG; dithiothreitol 
(DTT. Cleland's reagent) from Calbiochem; Losyllysine 
chloromethylketone (TLCK ) from Serva. benzamidine 
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hydrochloride hydrate from Aldrich Europe. Trasylol 
(bovine lung kallikrein-trypsin inhibit.orl was 8 g'enerous 
gift from Bayer Werk. The subst.ances were dissolved in 
the assay buffer: the final concent rations in the incuba-
tion solutions are given in Table Ill . The enzyme was 
preincubsled with the affe('tor substances for 15 min 
before the substrates were added . 
Enzy me assay.'i. Incubation solutions were prepared by 
pipetling 0.1 ml of a substrate solution. 0. 1 ml of 0.2 M 
sodium phosphate buffer, pH 6.5. containing 1 M KCl , 
and 0.1 ml of an enzyme solution. If the enzyme solut ion 
contained KCI. the KCl concentration of the assny buffer 
was reduced so that the fmal concentration in the 
incubation solution was 0.33 M. Incubat.ions were carried 
out at 37"C. for 15 min to 4 hr depending on the enz~'rne 
activities . All assays were performed in duplicate. A 
Britton-Robinson universal buffer (acetate- phosphate-
borate) was used when assaying the pH-optima Jlll . 
The hydrolyses of ester. naphthylamide. p-nitroani -
lide. and prot.ein substrat.es were det.ermined as described 
earlier (10,11]. 
Protein determinat ion. The protein concentration was 
determi ned accord ing to Lowry et al [12 1. Human se rum 
albumin standard solution (KABL Sweden) was used fo r 
the standard curve. 
AME-CH-Sepharose chromatograph.\' . CH-Sepharose 
4B. an agarose with a 6-carbon spacer having a free 
ca rboxyl end. was purchased from Pharmacia . The gel 
was washed accord ing 10 the manufacturer's direct ions. 
To 15 gm of the gel suspended in 120 ml of water. 3.75 g:m 
of arginine methylester hydrochloride tAME, dissolved in 
15 ml of water ) was added. the pH was adjusted to 5.0. 
and 7.6 gm of l-cyclohexyl-3-(2-morpholinoethyi)-car-
bodiimide metho-p-toluolsulfonate (Serva ) was added 
dropwise as a suspension in 45 ml of water . The slurry 
was stirred gently. the pH maintained at 5.0. and the 
stirring continued for 22 hr at room temperature in a 
plastic bottle. The gel was washed and kept in a 1.2 ~I 
HCI- KCI buffer, pH 2.2. containing 0.02% (w /v ) NaN I 
until used . The gel was packed into a column with 
dimensions of 2.5 x 10.8 cm (57 mi L The column was 
equilibrated with 20 mM sodi um phosphate buffer. pH 
6.5. containing 0.1 M KCI. and fractions of 10.5 ml were 
collected. A Pharmacia peristaltic pump was used proxi -
mally to t.he column to create a flow rate of 180 mllhr . 
The protein content of the eluate was monitored with an 
ISCO UA-2 UV analyzer. After the application of the 
sample. the column was eluted with the starting buffer 
until the UV absorbance of the eluate approached the 
baseline asymptotically. One molar KCI in the sta rt ing 
buffer was then introduced to elute the absorbed proteins 
from the column. After use. the colum n was stored in the 
HCI- KCI buffer mentioned previously. 
Gel chromatography u:ith Sephadex G-200. Sephadex 
G-200 was packed into a column with dimensions of 5.0 X 
81 cm 0600 mI) . The column was equilibrated with 20 
mM sodium phosphate buffer, pH 6.5, containing 1.0 M 
KCL The flow was created with a Pharmacia peristaltic 
pump situated proximally to the column . The flow rate 
was 60 ml / hr. a nd 14-ml fractions we re collected. 
Isoelectrolocusing . lsoelectric focusing was performed 
according to Haglund (13 J. Ampholine electrofocusing 
equipment (LKB 8100-1 ) was used . T he Ampholine (pH 
4- 6) concentration was 1 % (w / v) , and a suc rose gradient 
from 5 to 50% (w /v) was created with an LKB gradient 
mixer. The cathode was placed at the top of the column 
and a maximal voltage of 1 kv was used for 40 hr, the 
voltage being ra ised gradually so that a limit of 5 w was 
never exceeded. The sample was desalted by chromatog-
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ra phy on a column of Sephadex G-25. or by dialysis 
ag:ainst deionized water. a nd was applied to the column 
with the sucrose gradient. After foc usi ng. t he colu mn was 
emptied by pumping deionized water on the top of the 
column. t.he sucrose gradient was led to a fraction 
coB ector, and LB-ml fractions were collected. 
Determination 01 the m olecular weilfht by gel chroma-
tography . A 2.6 x 34 cm column (180 ml) was packed 
with Sephadex G-200 and equilibrated with 20 mM 
sodium phosphate buffe r. pH 6.5, containing 1 M KC!. A 
peristaltic pump was used to create a flow rate of 20 
mllhr and fractions of2 ml were collected . Blue Dextran 
(Pharmacia) was used for determining the void volume; 
"y -globulin. yeast alcohol dehydrogenas.e . bovine serum 
albumin. and cytochrome (all from Sigma Chemical Co.) 
were used as standards. The molecular weight of BAEE 
este rase was estimated as described by Andrews [14 /. 
Remoual 01 chloride from BAEE- HCI. A column of 1.0 
x 15 cm was packed with Dowel: 2-X8 50-100 mesh anion 
exchanger in Cl- form (Serva}. 'The column was equili-
brated with 0.2 M sodium phosphate buffer, pH 6.5. A 
5-ml sample of 200 mM BAEE- HCI solution was intro-
duced to the column. The BAEE eluted from the outlet 
was collected with the help of a UV analyzer. The 
chloride-free BAEE was diluted to a 15 mM concentration 
a nd used for enzyme assays. 
Disc elec trophoresis. The purity of the purest prepara-
tion (cf Tab. n was checked with disc electrophoresis 
accord ing to method number 6 of Maurer [15 1. The 
proteins were s tained with 1 % (w/ v ) so lution of Brilliant 
Blue R (Sig-ma Chemical Co.) in 10'( (w i \') trichloroace-
ti c ac id and the electrophoretograms were recorded using 
a Helena Quick-Scan densitometer . 
RES t:LTS 
Extra ction 
In order to obt.ain an optimal extraction of 
BAEE esterase. the effects of KCI and pH on the 
extract.ability were studied . If the concentration of 
KCI was increased to 1 M in the extraction me-
dium , the amount of extracted enz.yme increased 
3-fold. A slightly acidic pH was optimal for ex-
tration, pH's below 5 and above 7 gave lower en-
zyme actiVities. Later extractions were per-
formed by using a 20 mM sodium phosphate buffer. 
pH 6.0, containing 1 M KCI. A chelating reagent 
(EDTA, 1 mM) was added because of metal con-
tamination from the meat mincer used before 
homogenization. The resulting extract was called 
S-1. Practically all of the BAEE-hydrolyzing en-
zyme in the skin homogenate was extracted giving 
an activity of 0.14 /lIDole/min x ml. Rehomogeni-
zation and reextraction of the sediment did not 
yield any activity (S -S-extractL An extraci in the 
buffer without KCI (B-extract) gave an activ,jty of 
0.05 /lmole/min x ml , and the extract obtained by 
rehomogenizing the sediment (B -S-extractl an 
activity of 0.03 /l mole/min x m!. The sum of the 
enzyme activities in these extracts was O.OBI-!mole/ 
min X ml, which is about 40 % lower than the 
activity in the extract made directly in t he buffer 
containing KC!. Exposure to the buffer without 
KCl inactivated the enzyme. KSCN (1 M). n-
butanol (17 % v/v). and Triton X-100 (0.1 % w/vl in 
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20 mM sodium phosphate buffer, pH 6.0. were not 
as good extractants as 1 M KCI. 
Purification Procedures 
The KCI concentration of the S· l extract was 
reduced to 0.1 M by dialysis against 9 volumes of 20 
mM sodium phosphate buffer. pH 6.5. at 4 ' C until 
an equilibrium was reached (16 hrl. White precipi . 
tat.e formed during dialysis and was removed by 
centrifugation at 25000 g for 20 min. The precipitate 
contained no BAEE esterase activity and was 
discarded. All BAEE esterase activitv was found in 
the supernatant, S·ld , and a 1.4.fold purification 
was achieved in com parison with S · 1. (Tab. I) . 
S·ld was applied to a column of AME·CH· 
Sepharose 4B, and chromatography was carried 
out as described in Ma terials and Methods. The 
chromatogram is depicted in Figure 1. 
All of the BAEE and ATEE hydrolyzing activity 
was absorbed onto the column , while the main pan 
of the casein hydrolyzing activity and inert protein 
was eluted with the starting buffer. K CI (J M) in 
the starting buffer eluted the BAEE esterase as a 
concentrated peak . The specific activity of BAEE 
esterase was increased 6.3·fold and the vield was 
75 % in compa rison with the activit y or' 5-1. The 
fractions cont.aining BAEE esterase were pooled . 
The pool also hydrolyzed ATEE. BA!,\A. ANA , 
and casein. 
The BAEE esterase pool from AME· CH · 
Sepharose was app\1ed to a col umn of Sephadex 
G·200, (Fig. 2). The main peak of BAEE esterase 
was eluted in fracti on 63 together with the ATEE 
and case in hydrolyzi ng activit ies. A complete sepa-
rat ion fro m the BANA h~' drolyz ing activity (frac-
Lion 86. not shown in Fig. 2) was achieved . while 
the main pa rt of the ANA hydrolyzing acti\'ity \\"as 
eluted in the sa me fractions 8S BAEE esterase . 
Fract ions 60- 67 were pooled . The specific activo 
ity of the pooled BAEE esterase was increased 
28·fold and the yield was 46" as compared to the 
activity of S·1. The G·200 pool was d ialyzed 
against deionized water in order to desalt the 
sol ution before electrofocusing. The dialysis re-
sulted in a loss of acti\'ity amounting to 66 g'( of the 
BAEE esterase activity in the G·200 pool. The 
desalted sample was electrofocused as described in 
Ma terials and M ethods. the result of which is 
TABLE I. Purification of BAEE esterase 
Total Specific 
Puri fication Volume Protein Bcti"ity 8cti\'ity Purifi· 
ste p (mil ( mg) (pmolel (,.,.m o/d calion 
min ) mitt factor 
.... mg) 
S·l 410 1600 38.5 0.024 
S·ld 410 1150 38.5 0.034 1.4 
AME·CH· 41 191 28.7 0.15 6 .3 
Sepharose 
G·200 110 26.4 l i .6 0.6i 28 
G· 50/EF 16.5 1.2 1.6 1.3 54 
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depicted in Figure 3. Fractions 16-24 were pooled ; 
Ampholines and sucrose were removed by gel 
chromatography on a col umn of Sephadex G·50, 
which was equilibrat,ed with a 20 mM sodium 
phosphat e buffer. pH 6.5, containing 1 M KCI. The 
pooled BAEE esterase fractions from Sephadex 
G·oO (pool G·50IEF) had a specific activity of 1.3 
~molelmin x mg. a 54·fold purification . The yield 
was 4% of the total BAEE esterase activit v in S-1. 
The purity of the G·501EF preparation ,"vas tested 
by disc electrophoresis on polyacrylamide. The 
densitogram of the st ained gel (F ig. 4) shows the 
presence of 4 protein peaks in the preparation. 
Characteris tics of BAEE Esterose 
Physical properties. An approximate mol ecular 
weight of 125,000 was obtained for the G·200 
preparation with gel chromatography. The isoelec-
tric point of the esterase as determ ined by isoelec-
trofocusing varied within limits of 4.4 to 5.2 with a 
mean value of 4 .8. 
Concentrations of KCI over 0.5 M in the 20 mM 
sodium phosphate buffer. pH 6.5. preserved the 
activity at l ()()% for several weeks at 4°C. Without 
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KCI the enz~'me activity declined rapidly-40Q 
per day . In the presence of I M KCI (4°C) the 
enzyme was stable at a pH range of 3.5 to 7.0; at 
alkaline pH's the enzyme acti vity was destroyed 
rapidly. For optimal stability the enzyme was 
stored in 20 mM sodium phosphate buffer. pH 6.S. I 
M KCI at 4°C. 
The hydrolysis rate of BAEE was in creased if the 
concentrat ion of KCl in the assay mixtu re in -
c reased . A 2.5-fold increase was obta ined al KCI 
concentrat ions of 0.3 M , or higher. Because of this. 
a 0.33 M K CI concentrat ion was used in the assay 
mixtures. 
Substrate specifity . In Table II the hydrolysis 
rates of various substrates by BAEE esterase 
(G-200 preparation) are presented . The enzyme 
hydrolyzes several amino acid esters with an acyl. 
ated a -amino end , BAEE and ATEE being the 
most readily hydrolyzed substrates. Amino acid 
esters with a tosy) group at the a ·arnino end 
(TAME, TLME) or amino acid esters with a free 
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a-amino group (AME. LME. TEE) were nol hy-
drolyzed . 
The hydrolysis rates of the Ii-naphthyl esters of 
acetic and lauric acids were less I han 0.01 'l! of t he 
hydrolysis rate of BAEE. BANA and BAPA. t he 
arylamides of benzoyl ·argi nine. were not hydro-
lyzed . Slow hydrolysis of ANA was detected, sug-
gesting the presence of a contaminating amino acid 
naphthylamidase in t he G-200 preparation (ef Fig. 
2). However. even the purest preparation of BAEE 
esterase. G-50/EF. hydrolyzed ANA minimally. al 
0.3% of the hydrolysis rale of BAEE. 
The G-200 preparation hydrolyzed casein at a 
rate of 6.4 nmole/ min x mg which is about 1% of 
the rate at which rat skin cat.hepsin D hydrolyzes 
hemoglobin 1101. Hemoglobin was not hydrolyzed 
at pH 6.5 . 
pH Optima. The effecI of p H on the hydrolysis of 
BAEE. ATEE. B-Ala-ME. and casein cata lyzed by 
BAEE esterase (G-200 preparation ) is depicted in 
Figure 5. BAEE was hydrolyzed 0Plimally at pH 
6 .3. "'TEE al6.7 . B-Ala -ME at 6 .S. and casein at 
5.9. 
Inhibitors and actiuators. The effects of inhibi -
lors and aeti,·ators of BAEE este rase (G-200 prepa-
ration) are presented in Tabl e Ill. DFP was a 
potenl inhibitor . Sulfhydryl reagents also inhib iled 
the enz~· me . pCMB be ing' the most effecti\·e. Other 
reagents tesled had onlv slighl effeel s on the 
enzy me act i\·ity . 
TABLE II. Sub!u rate specificit,\ as t e~ted u'rth the G-200 
p repa racio f! 
Suhst ralE' 
8 em.oy larglnine ethylester 
Benzoylargi nine met hylester 
T osylargin ine methyl ester 
Acety largin ine me thy l e~ t er 
Argi nine methyies ler 
Benzoyllysine met hyles t er 
Tosyilys ine methylester 
Acety llysi ne met hyl ester 
Lys ine methy lester 
Acet ylt:yrosine ethylester 
Tyrosine ethy lester 
Benzoylalan ine melhyle"ter 
2-Naphthy lacetate 
2·Naphthyl laura te 
Benzoyla rgin i ne· 2· na phthy la m i de 
Be nzoyla rgi n i ne-p-n i troa nil ide 
Argi nine-2-na phthy lam ide 
Casei n 
He mog:lobin 
Hyd roJysl~ 
ratE' 
i ~m ol(?1 
min . mgl 
.58 
.38 
0 
0 
0 
0 
0 
.4 .~ 
0 
.19 
82 , 10- • 
0 
0 
0 
2. , 10 - 3 
6.4 x 10 - 3 
0 
c; Oflhc 
hydroJysis 
raleof 
BAEE 
100 
66 
0 
0 
0 
34' 
0 
0' 
0 
78 
0 
34 
0 
0 
0 
0 
0.5 
1 
0 
., These substra les were tested wi th a d ifferent G-200 
enzy me pre paration hav ing a BAEE· hydrolyzing activi ty 
of 0.36 ~rnoJe/min x mg. 
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TARLE III. Effect uf aclivatur . ..: and inhibitors on BAEE 
e.<;teras(> artivit,' 
Relatlvp 
Suhstam'(' Com:ent ralLon activitv 
('~ of ronirlj{) 
Control (no inhibitorl ll 100 
pCMB 0.1 mM 20 
lodoBcelBte I .D mM 40 
lodoae-etamide I.DmM 10 
DTI I .OmM 90 
EDTA 1.0 mM 90 
MgCI, I.DmM 100 
MnCI 2 1.0mM 90 
CoCI, I .DmM 100 
ZnCl 1 I.OmM 120 
TLrI' I.OmM 90 
DFP 0.1 mM 0 
PM SF 0.1 mM 80 
BenullnidinC' 1.0 m~1 ,U 
SBTI I.() mg/ ml I.~O 
l.HTI 1,0 mg- / ml 1!t1 
O\'omucoid TI 1.0 mg / ml 90 
BPT! (Tra:-.ylnl) 1.0 mg/ml 100 
11 The specific act ivit)' of the enzyme preparation wa~ 
. \ J.lmnle/min • mg. 
D1SC'lISSIO:" 
The BAEE esterase from rat skin is extracted 
best in a KCI-containin~ buffer, like many other 
skin proteinases and amino acid est erases 11 - 8. 
16]. The enhancing effect of KCI on the extraction 
of the active enz~'mes has been attributed to the 
p resence of endogenous inhibitors in the skin 116] . 
The stepwise ext raction with increasing concentra-
tions of KCl which separates an inhibitor from the 
human skin AT EE esterase 1161 d id nol give belter 
resul ts than an extraction that was made d irectly 
in a KCI-containing mediu m. Exposure of the ho-
mogenate to buffers containing low concent rations 
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of KCl 10-0.5 M] inactivated BAEE esterase. T his 
property was also observed with the purest prepar-
at ion of the esterase. 
In rat per itoneal mast cells a chymot rypsin-like 
protei nase has been described which is ac t ivated 
by high concentrations of KCl 1171. In addition, a 
high KCI concentration increases the extractabil-
ity of the mast cell enzyme by causing dissociation 
of the enzyme from heparin . If the mast cell 
granules a re extracted at a high concentration of 
KCI and the resulting extracl is gel filtrated in a 
high-KCI-containing medium. separation of the 
enzyme from heparin is obtained and the enzyme 
has an elution volume corresponding to a molecu-
lar weigh I of 25,000. If gel filtration of the same 
extract is performed in a medium containing a low 
concentration of KCI, the enzyme is eluted at the 
void volume as a macromolecular complex with 
hepa rin. This kind of change in the elution vol-
umeR by the use of different KCI concentrations 
was not observed with BAEE esterase. which 
suggests that the effecI of KCI on the ext.ractability 
of' BAEE esterase is not based on a similar dis-
sociation mechanism. 
Potential affinity' chromatography materials for 
BAEE esterase were prepared by coupling sub-
strate analogs (TEE. AMEI to an agarose matrix 
containing a 6-carbon spacer with a free carboxyl 
end (CH-Sepharose 4B) . TEE-C H-Sepha rose did 
not absorb BAEE esterase. while AME-CH -
Sepharose retained BAEE esterase in a 20 mM 
phosphate buffer, pH 6.5. containing 0.1 M KCI. 
The enzyme could be eluted by lowering the p H 10 
4.4, or by raising the KCI concentration to 0.3 M, 
but aIM concentration was used to increase the 
stability of the enz~:me and to obtain a highly 
concentrated peak. The AME-C H-Sepharose also 
absorbed other proteins. and an attempt to sepa-
rate them from BAEE esterase by using a gradient 
of KCI was performed. hut no effective separation 
was achieved. 1n addition. the concentrating effect 
achieved by the step elution method was lost. For 
these reasons the step elution method was chosen 
for the purification process. The purification ob-
lained wilh AME-CH-Sepha rose was beuer. and 
the capacity was higher than those obtained with 
va rious ion exchanger~ (DEAE- and eM-cellulose . 
DEAE· and SP-Sephadex l. This suggesls that 1he 
AME-C H·Sepharose has some specific affinity 
toward BAEE esterase (and possibly other en-
zymes hydrolyzin~ substrates containing arginine. 
e.g .. Argl\A and BANA l. 
The instability of the enzyme in buffers contain-
ing low concemrations of KCI made it difficult to 
use purification methods that are based on the 
ionic properties of the protein. The great loss of 
enzyme acti\' ity during electrofocusing. where salt 
had to be removed. is probably due to inactivation 
of BAEE est.erase at low salt concentration. The 
specific acti\·i(y. however, increased during elec-
t rofocusing. 
The purified BAEE eslerase from rat skin has 
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trypsin -like or kallikrein-like properties: it is in -
hibited by OFP and it hydrolyzes BAEE, BAME, 
and casein. However. ATEE, a substrat.e for chy-
motrypsin, is also hydrolyzed, and pCMB, a thiol -
blocking reagent. inhibits the enzyme. 
The large molecular size of BAEE esterase and 
its inhibition by both OFP and pCMB suggest t hat 
the enzyme could be an aggregate of two enzymes, 
one being inhibited by organophosphorous com-
pounds and the other by thiol-blocking reagents. 
The presence of a n aggregate could be invest igated 
by SOS-polyacrylamide gel electrophoresis of the 
enzyme preincubated with 11'C)iodoacetamide 
and ['H JOFP. ["C J and [' H J with different electro-
phoretic mobilities would indicate enzymes in an 
aggregate. 
Even the purest preparation of BAEE esterase 
(G-50IEF) slight ly hydrolyzes ANA. a well -known 
substrate of aminopeptidase B [18]. In order to 
judge whether this hydrolysis was due to contami-
nation by aminopeptidase B. the effects of DFP 
and pCMB on the ANA hydrolys is of the G-SDIEF 
preparat ion were tested. but no reliable results 
were obtained beca use of the very low hydrol~'sis 
rate of ANA . On the other hand. contamination by 
aminopeptidase B is improbable, because the pI of 
aminopeptidase B is 7.0 [19J which differs from 
that of the BAEE and ANA hydrolyzing enz~'me 
(cf Fig. 3). In addition. rat skin aminopeptidase B 
does not hydrolyze BAEE [20] . 
BAEE hydrolyzing activities in rat skin have not 
been described earlier. while twO (possibly three) 
ATEE hydrolyzing act ivit ies have been described 
[3-7,9 J. The enzymes described by Martin and 
Axelrod [3-71 are inhibited by soybean and lima 
bean trypsin inhibitors, while BABE esterase is not 
inhibited and their pH optima are higher (pH 8-9) 
than that of BAEE esterase I pH 6.7 for ATEE 
hydrolys is). The human skin contains tWO BAEE 
hydrol~'zing enz.\rmes, which differ from t he rat 
s kin BAEE esterase in substrate specifity, pH 
optima, and inhibitor characteristics [211. 
An esterase hydrolyzing BAEE at pH 6.S has 
been described in rat kidney [22.23 J. The enzyme 
is inhibited by OFP and slightly by pCMB. like the 
skin BAEE esterase [2:J]. Furthermore , the acidic 
BAEE hydrolyz ing activity in a rat kidnev homog-
enate is highly unstable. although it forms the 
main part of the activity in a fresh homogenate 
[22J. Several BAEE-hydrolyzing kallikreins and 
other proteinases have been described in the su b-
maxillary gland , sa liva, and urine of the rat 
[24- 26]. The BAEE esterase of the rai skin differs 
from these enzymes by its higher molecular weight 
(2- to 6-foldJ. lower pH optimum, dissi milar sub-
strate specifi city. and modifier chara ct.eristics. 
The rat skin BAEE esterase seems to be an 
enzyme which has not previously been purified 
from rat tissues. The physiologic role of the enzyme 
remains to be elucidated , but our preliminary 
experiments (unpublished data) suggest that the 
enzyme. when injected intraderm ally, may in · 
crease vasopermeability in rat skin . 
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